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RECORDING MEDIUM WITH SEGMENT
INFORMATION THEREON AND APPARATUS
AND METHODS FOR FORMING,
RECORDING, AND REPRODUCING THE
RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional application i1s a continuation

application of U.S. application Ser. No. 11/061,665 filed Feb.
22, 2005, the entire contents of which 1s hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to managing physical access
control (PAC) and recording data, media containing PAC and
recording data (for example, high density optical discs, such
as Blu-ray Disc) and apparatus and methods for recording
and/or reproducing data to and/or from the media.

2. Discussion of the Related Art

Media, for example, optical discs may be used for record-
ing a large quantity of data. Of the optical discs available, a
new high density optical media (HD-DVD), for example, the
Blu-ray Disc (hereafter called as “BD”) 1s under develop-
ment, which enables increased recording and/or storing of
high definition video and/or audio data.

BD further includes a rewritable Blu-ray disc (BD-RE),
Blu-ray disc writable once (BD-WQO), and Blu-ray disc read
only (BD-ROM).

Currently, one problem with existing systems 1s the poten-
t1al incompatibility between drives of different versions, for
example a drive of a previous version with a previous set of
capabilities may have difliculty interacting with a medium
that has interacted with a drive including at least one capabil-
ity from a subsequent set of capabilities.

SUMMARY OF THE INVENTION

Example embodiments of the present mvention provide
access control information including segment information on
a medium, such as a high density optical disc, and apparatus
and methods for recording data to and reproducing data from
the medium using access control information including seg-
ment information.

Example embodiments of the present mvention provide
access control information including segment information
recorded thereon, in order to improve data protection,
improve data management, improve reproduction compat-
ibility, avoid destruction of data, and/or reduce unnecessary,
repetitive operations.

Example embodiments of the present invention provide a
medium, such as a high density optical disc, and apparatus
and methods for managing access control information includ-
ing segment mformation.

An example embodiment provides a recording medium.
The recording medium includes a user data area including a
plurality of segment regions, and a control data area storing,
access control imnformation for controlling access to the seg-
ment regions. The access control information includes seg-
ment information of the segment regions, and the segment
information includes a segment list identifying segment
regions of the recording medium.

An example embodiment provides a method of recording
to and/or reproducing from a recording medium. The method
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2

includes recording and/or reproducing access control infor-
mation for controlling access to a plurality of segment regions
in a user data area, and controlling recording to and/or repro-
ducing from the segment regions according to the access
control information. The access control information includes
a segment list identifying segment regions of the recording
medium. The access control information may be used 11 the
access control information 1s unknown.

An example embodiment provides an apparatus for record-
ing to and/or reproducing from a recording medium. The
apparatus 1includes an optical device for writing and/or read-
ing a data to/from the recording medium, and a controller for
controlling the optical device based on access control infor-
mation for controlling access to a plurality of segment regions
in a user data area. The access control information includes a
segment list 1dentifying segment regions of the recording
medium. The controller also controls recording to and/or
reproducing from the segment regions according to the access
control 1nformation if the access control information 1is
unknown.

An example embodiment provides a system for recording
to and/or reproducing from a recording medium. The system
includes a host device for generating command of recording
to and/or reproducing from the recording medium, an appa-
ratus for recording to and/or reproducing from the recording
medium according to the command. The apparatus includes
an optical part and a controller for controlling access to a
plurality of segment regions 1n a user data area. The access
control information includes a segment list identifying seg-
ment regions of the recording medium.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are

intended to provide further explanation of the mvention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of example embodiments of the
invention and are incorporated 1n and constitute a part of this
application, illustrate example embodiment(s) of the mnven-
tion where,

FIG. 1 1llustrates a diagram showing PAC zones on a high
density optical disc 1n accordance with an example embodi-
ment of the present invention;

FIG. 2 illustrates a diagram showing configurations of
INFO2 zone and INFO1 zone on a high density optical disc 1n
accordance with an example embodiment of the present
invention;

FIG. 3 illustrates a PAC recorded on a high density optical
disc 1 accordance with an example embodiment of the
present invention;

FIG. 4 illustrates a PAC on a high density optical disc 1n
accordance with an example embodiment of the present
invention;

FIG. 5 1llustrates an “Unknown PAC Rules™ field 1n accor-
dance with an example embodiment of the present invention;

FIG. 6 illustrates segment zones on a high density optical
disc 1n accordance with an example embodiment of the
present invention;

FIG. 7 illustrates a PAC on a high density optical disc 1n
accordance with another example embodiment of the present
imnvention;

FIG. 8 illustrates a PAC on a high density optical disc 1n
accordance with another example embodiment of the present
invention;
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FIG. 9 illustrates a PAC on a high density optical disc in
accordance with another example embodiment of the present
invention;

FIG. 10 1llustrates control information on a segment area

on a high density optical disc 1n accordance with an example
embodiment of the present invention;

FIG. 11 1llustrates control information on a segment area
on a high density optical disc 1n accordance with another
example embodiment of the present invention;

FI1G. 12 illustrates a block diagram of an optical recording
and reproducing apparatus 1n accordance with an example
embodiment of the present invention.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS OF THE INVENTION

(L.

Reference will now be made 1n detail to example embodi-
ments of the present invention, 1llustrated 1n the accompany-
ing drawings. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the same
or like parts.

FI1G. 1 1llustrates PAC zones on a high density optical disc
in accordance with an example embodiment of the present
invention.

Referring to FIG. 1, the high density optical disc may be
partitioned from an inner circumierence to an outer circum-
ference, into a lead-in zone, a data zone, and a lead-out zone.

The lead-1n zone may be further partitioned 1nto an INFO?2
zone and an INFO1 zone for recording various kinds of infor-
mation thereon. The INFO2 zone and an INFO1 zone may
include PAC (Physical Access Control) zones.

For convenience, a PAC zone assigned to the INFO2 zone
1s labeled a PAC2 zone and the PAC zone assigned to the
INFOI1 zone 1s labeled a PAC1 zone. One of the PAC2 zone
and the PAC1 zone may have an original PAC recorded
thereon and the other one may have a back up zone for
recording a copy of the original PAC. If a writing direction 1s
from the inner circumference to the outer circumierence of
the disc, 1t may be advantageous that the original PAC 1s

recorded on the PACII zone and the backup PAC 1s recorded
on the PACI zone.

The PAC zone may be provided to handle problems that
may occur when an older version of a drive apparatus cannot
detect functions on a disc added having functions compatible
with a newer version of a drive apparatus. The PAC zone may
handle compatibility problems using one or more an

“unknown rules”.

An “unknown rule” may be used to control predictable
operations of the disc, for example, basic control of read,
write, etc., linear replacement of a defective zone, logical
overwrite, etc. An area may also be provided on the disc,
indicating where the “unknown rule” i1s applicable, for
example, segments for defining the entire disc or a certain
portion of the disc, which 1s described later 1n more detail.

Thus, by defining an area of the disc, an older version drive
apparatus 1s able to access by using the “unknown rule”, a
newer version of the disc reduces unnecessary access opera-
tion of the older version drive apparatus.

Moreover, by defining an accessible area on a physical area
of the disc for an older version drive apparatus to access by
using the PAC, a data area containing user data recorded
thereon can be protected more robustly and/or unauthorized
access (for example, hacking) of the disc may be prevented or
reduced.
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4

The INFO2 zone and the INFOI1 zone having the PACII
and I zones therein 1n the lead-1n zone may be reviewed 1n
view ol writable characteristics of the high density optical
disc.

FIG. 2 1llustrates a diagram showing configurations of the
INFO2 zone and the INFO1 zone on a high density optical
disc 1n accordance with an example embodiment of the
present invention.

Referring to FIG. 2, for an example BD-RE high density
optical disc, the INFO2 zone may have 2356 clusters including
32 clusters of PACII zone, 32 clusters of DMA (Defect Man-
agement Area) 2 zone for management of defects, 32 clusters
of CD (Control Data) 2 zone having control information
recorded thereon, and/or 32 clusters of BZ (Buffer Zone) 3
zone of a bulfer zone.

The INFO1 zone may include 32 clusters of BZ2 zone of a
builer area, 32 clusters of drive area which may be a drive area
for storing information specific to a drive, 32 clusters of
DMAI1 zone for managing defects, 32 clusters of CD1 zone
for recording control information, and/or a BZ1-PACI zone
utilizable as the PAC zone.

For a write once high density optical disc (BD-R), the
INFO2 zone may have 256 clusters including a PACII zone, a
DMA 2 zone, a CD 2 zone, and a BZ 3 zone, each with 32
clusters, and the INFO1 zone includes a BZ2 zone, a DMAI
zone, a CD1 zone, and/or a BZ1-PACI zone, each with 32

clusters, and 128 clusters of drive area.

For a read only high density optical disc (BD-ROM), the
INFO2 zone may have 256 clusters including a PACII zone, a
CD 2 zone, and a BZ 3 zone, each with 32 clusters, and the
INFOI1 zone 256 clusters including a CD1 zone, and/or a

BZ1-PACI zone, each with 32 clusters.

The PAC zones of example embodiments of the present
invention may be assigned to the INFO2 zone and/or the
INFO1 zone in the lead-1n zone 1n 32 clusters each, according
to rewritable characteristics of the high density optical disc.

In the PAC zone of 32 clusters, one PAC may have one
cluster, for recording a plurality of valid PACs. An example
structure 1 which one PAC 1s recorded as one cluster 1s
described with reference to FIG. 3.

FIG. 3 illustrates a PAC recorded on a high density optical
disc 1 accordance with an example embodiment of the
present invention.

Referring to FIG. 3, one PAC of one cluster size (32 sec-
tors) may include a header zone and a specific information
zone, specific to a particular disc drive (for example, optical
disc drive).

The PAC header zone may have 384 bytes allocated to a
first sector of the PAC, for recording various kinds of PAC
information, such as information on an “unknown PAC rule”
and segments, and another area of the PAC zone may have
information specific to the (optical) disc drive may be referred
to as “known rules” recorded thereon.

An example structure of a PAC recorded 1n above structure
1s described with reference to FIG. 4. For convenience, 1n the
description, particular fields of the PAC that require more
detailed description will refer to drawings that illustrate the
particular fields.

FIG. 4 illustrates a PAC on a high density optical disc 1n
accordance with an example embodiment of the present
invention.

Referring to FI1G. 4, the PAC may 1nclude a header portion
applicable to all PACs and an area having information specific
to the drive, recorded thereon.

An example header portion may include 4 bytes of
“PAC_ID”, 4 bytes of “Unknown PAC Rules”, 1 byte of
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“Entire Disc Flag”, 1 byte of “Number of Segments”, and/or
32 “segments Segment  0~Segment_ 31 each with 8 bytes.

The “PAC_ID” may provide the present PAC status and
identification codes, for example, 11 the “PAC_ID” contains
‘00 00 00 00’ bats, the “PAC_ID” indicates that the present
PAC 1s not used, 11 the “PAC 1D contains ‘FF FF FF FE’ bits,
the “PAC_ID” indicates that the present PAC zone i1s not
available for use due to defects or something similar, and 1f
the “PAC_ID” contains ‘FF FF FF FF’ bits, the “PAC_ID”
indicates that the present PAC zone 1s available for use again
even 1f the PAC zone has been used previously.

By recording the “PAC_ID” 1n predetermined bits, such as
‘34 53 54 00’ bits, the “PAC_ID” may be used as a code for
determining 11 the disc 1s a disc for which a present drive can
have free access to. That 1s, 1f the present drive does not
recognize the “PAC_ID” applied thereto (possibly a case
where the present drive can notrecognize the present PAC due
to version mismatch or similar problem), the ‘34 33 54 00°
bits may be used as code to refer to information recorded in

the “Unknown PAC Rules” field.

As described, the “Unknown PAC Rules” field may be used
as a field that designates an operation range of a drive that can
not recognize the present PAC, which will be described fur-
ther with reference to FIG. 5.

FIG. 5 1llustrates an “Unknown PAC Rules™ field 1n accor-
dance with an example embodiment of the present invention.

Referring to FIG. 5, a degree of controllability of various
areas on the disc may be enabled by the “Unknown PAC
Rules”. In this example, the “Area” column 1n FIG. 5 repre-
sents the controllable areas on the disc, the “Control” column
represents control types, such as read/write etc., and “Number
of bits” column represents a number of bits required for
control. The additional bits 1n the “Number of bits” column
may represent cases of dual layer disc with two recording/
reproduction sides.

For example, in the “Area” column in FIG. 5, read/write
controllability of the PAC zone can be represented with “PAC
zones 1, 27 fields, and write controllability of a defect man-
agement zone can be represented with “DMA Zone 1, 27
fields. Write controllability of a replacement area for a defec-
tive area can be represented with “Replacement Clusters™
field, read/write controllability of a data zone can be represent
with a “Data Zone™ field, and logical overwrite controllability
can be represented with a “Logical Overwrite” field.

Write controllability 1s applicable only to re-writable discs
BD-RE and BD-R and the write controllability of a replace-
ment area for a defective area 1s also applicable to the re-
writable discs BD-RE and BD-R. As aresult, various example
teatures of the present invention may depend on the re-writ-
able characteristics of the high density (optical) disc.

Using the above technique, the “Unknown PAC Rules”
field enables designation of a controllable area on the disc for
a drive with a version mismatch. Moreover, the above tech-
nique may also be applicable to control access to a particular
physical area on a disc at a user’s option.

Returming to FIG. 4, the “Entire Disc Flag” field may be
used as a field for indicating that the PAC 1s applicable to an
entire area of the disc and the “Number of Segments” field 1s

a field that may represent a number of segment areas to which
the PAC 1s applicable.

In an example embodiment, a maximum number of seg-
ments may be allocatable to one PAC. In an example embodi-
ment, a maximum number of 32 segments can be allocated to
one PAC and information on the allocated segments may be
written 1n “Segment_ 07 to “Segment_ 317 fields, each
including 8 bytes. Each of the “Segment_ 0~31” fields may
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include the first physical sector number (PSN) and the last
PSN of the allocated segment area recorded thereon.

Segments are described 1n more detail below. FIG. 6 1llus-
trates segment zones on a high density optical disc 1n accor-
dance with an example embodiment of the present invention.

Referring to FIG. 6, 1f required, there may be a maximum
number (for example, 32) of segment areas on the high den-
sity optical disc, for applying the PAC thereto. The maximum
number of segment area may start from “segment 0.

In an example, positions of the segment arcas may be
identified by an optical disc drive by writing the first PSN,
which may indicate a starting position of the allocated seg-
ment area and the last PSN which may indicate the last posi-
tion of the allocated segment area on “Segment” fields of
PACII and PACI zones.

In an example arrangement, none of the plurality of allo-
cated segments need overlap and the starting and ending
positions may be designated at boundaries of clusters.

Thus, 1n example embodiments, the present invention may
provide a plurality of PACs, to manage a number (for
example, 32) segment areas, which are described 1n more
detail below.

FIG. 7 1llustrates a PAC zone on a high density optical disc
in accordance with an example embodiment of the present
ivention.

Referring to FI1G. 7, a plurality of valid PACs, each with a
common cluster size, may be written 1n one PAC zone (for

example, the PAC zone of INFO2 or INFO1) of 32 clusters.

In an example embodiment, the header portion may
include 4 bytes of “PAC_ID”, 4 bytes of “Unknown PAC
Rules”, 1 byte of “PAC Header Tag™, 1 byte of “Entire_dis-
c_flag”, 1 byte of “Number of Segments defined”, and/or 32
“segments Segment_ O~Segment_ 31”7 each with, for
example, 8 bytes.

The “PAC Header Tag” may be used for connecting to
clusters each having a specific PAC having information spe-
cific to a drive. The “PAC Header Tag” may be incremented
by one starting from (01) whenever a new PAC 1s added.

In this example, 1f the bits are FF, this indicates that no new
PAC 1s added, and 1if the bits are 00, this indicates that the

“PAC Header Tag” 1s not used.

FIG. 8 illustrates a PAC on a high density optical disc 1n
accordance with another example embodiment of the present
invention.

Referring to FIG. 8, a PAC 1n accordance with another
example embodiment of the present invention may include a
header portion and an area having specific information spe-
cific to the drive, and the header portion may further include
4 bytes of “PAC_ID”, 4 bytes of “Unknown PAC Rules”, 1
byte of “PAC Header Tag”, 1 byte of “Entire_disc_flag”, 2
bytes of “Byte address for the set of Segments™, 2 bytes of
“Number of Segments defined 1n the Set”, and/or a “Reserved
for Segment™ field which 1s reserved for 32 Segments each

with 8 bytes.

A PAC structure 1mn accordance with another example
embodiment of the present mvention may include a Byte
address for a segment set. That 1s, for areas reserved for
Segments, a number of defined segment areas may be 1ndi-
cated 1 the “Number of Segments defined 1in the Set
(N_Segs)” field and a byte address of a starting position may
be indicated 1n the “Byte address for the Set of Segments™
field. In this example, 1t may be advantageous to use the
defined segments continuously.

FIG. 9 illustrates a PAC on a high density optical disc 1n
accordance with another example embodiment of the present
invention.
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Referring to FIG. 9, a PAC 1n accordance with another
example embodiment of the present invention may include a
header portion and an area having specific information spe-

cific to the drive, and the header portion may further include
4 bytes of “PAC_ID”, 4 bytes of “Unknown PAC Rules”, 1

byte of “PAC Header Tag”, 1 byte of “Enftire_disc_flag”, 2
bytes of “Byte address for the Main set of Segments”, 2 bytes
of “Number of Segments defined 1n the Main Set (N_M_
Segs)”, 2 bytes of “Byte address for the Additional set of
Segments”, 2 bytes of “Number of Segments defined 1n the
Additional Set (N_A_Segs)”, and/or an “Unused Part 1n the
specific PAC™ field 1n a specific information area specific to a
particular drive.

The PAC structure in accordance with another example
embodiment of the present invention may include a Main
segment set and an Additional segment set. Segment areas
may be allocated additionally, for use 1n a case when 1t 1s
intended to allocate more segment areas to the 32 segment
areas.

In an example, a number of the main segments defined by
the “Number of Segments defined 1n the Main Set (N_M_
Segs)” 1s recorded and a starting position thereol may be
recorded on the “Byte address for the main Set of Segments™
field. That 1s, the information recorded on the “Byte address
for the main Set of Segments”™ field may serve as a pointer to
the defined main segment area.

The defined additional number of segments may be
recorded using the “Number of Segments defined in the Addi-
tional Set (N_A_Segs)” and a starting position thereof may be
recorded on the “Byte address for the Additional Set of Seg-
ments” field.

In this example, the additional segment area may be pro-
vided with an unused part 1n the specific PAC in one PAC zone
of 1 cluster size, may be allocated to the N_A_Segs.

The above example PAC structures enable management of
additional segment areas, 1n addition to the 32 segment areas.

Example embodiments of the present invention are
directed to recording control information on an entire disc
area, an entire allocated segment area, or respective allocated
segment areas by using the designated PAC, as described
below.

FIG. 10 1llustrates control information on a segment area
on a high density optical disc 1n accordance with an example
embodiment of the present invention.

Referring to FIG. 10, an allocated segment may be repre-
sented with an 8 byte entry, wherein the first Physical Sector
Number of the segment area may have a 32 byte size and the
last Physical Sector Number may have a 32 byte size. There-
fore, an optical disc drive can obtain position information on
the allocated segment area through the segment information

of the recorded PAC.

In this example, as described above, a number of segment
areas (one or greater) may be managed by one or more PACs.
IT at least one segment area 1s allocated, the optical disc drive
may determine the number of the allocated segment areas
through the “Number of Segment” field and determine con-
trollability, such as read, write, and/or other similar opera-
tions, on the area through “Data Zone™ field of the “Unknown
PAC Rule”.

If no segment 1s allocated and the “Entire_disc_flag” field

indicating that the PAC 1s applicable to entire disc area is
recorded, as described above, though the “Data Zone” field of

the “Unknown PAC Rule” 1s used a field indicating accessi-
bility to the data area on the optical disc, such as read, write,
and/or other similar operations, 1f the segment area 1s allo-

cated, to write the “Number of Segment” field, the “Data
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Zone” field of the “Unknown PAC Rule” may be used as a
field mndicating accessibility to the allocated entire segment
areas.

In an example embodiment of the present mnvention, there
may be information on control of the segment area other than

the position information, as information recorded on the
“Segment” field, which will be described below.

FIG. 11 illustrates control information on a segment area

on a high density optical disc 1n accordance with another
example embodiment of the present invention.

ne segment may be represented with one entry and include
a “Status 1” field and a “Status 2™ field for indicating control-
lability of a relevant segment area, a ““The first PSN™ field for
representing the first Physical Sector Number of the segment
area, and/or a ““The last PSN” field for representing the last
Physical Sector Number of the segment area.

The “Status 1 field may be represented with four bit con-
trol mmformation, for indicating controllability of a relevant
segment area; for an example, “0000” of the “Status I field
may indicate that access to the segment area for reproduction
or recording 1s not possible, “0001” of the “Status 1” field
may indicate that access to the segment area for read only 1s
possible, “0010” of the “Status 1” field may indicate that
access to the segment area for write only 1s possible, and
“0011” of the “Status 17 field may indicate that access to the
segment area 1s possible.

Therefore, by determining accessibility to a relevant seg-
ment area using the “Status 17 field and “Status 2 field,
unnecessary access operations to the segment area can be
reduced, and 1n a case a plurality of segment areas are allo-
cated, access to each of the segments can be controlled.

In this example, because the “Status 2 field may be a
reserved field for future use and not 1n use presently, 1n on
example, the “Status 2™ field 1s recorded 1n “0000 bat.

When the segment area 1s allocated, the control of each of

the segment areas may not be consistent with the controlla-
bility on the segment area defined at the “Data Zone™ field of
the “Unknown PAC Rules”.

That 1s, for an example, despite all types of access, such as
read and write to entire segment areas 1s possible in the “Data

Zone”, only reading of a relevant segment area may be pos-
sible 1n the “Segment” field.

In this example, read only control of the segment area the
“Segment” field indicates 1s possible. That 1s, depending on
the controllability of the “Data Zone”, the control of the
segment area may be made possible using an “AND” condi-
tion with the “Segment” field.

Accordingly, if the “Data Zone” field indicates that access
to entire segment areas allocated to the “Data Zone™ field for
read or write not possible, access to the entire segment areas
will become 1mpossible regardless of controllability on the
“Segment” field, and even the “Data Zone” field 1s set such
that access to entire segment areas 1s possible, 11 it 1s set that
access to individual segment areas 1s impossible, access to the
segment area 1s impossible.

As described, with regard to a PAC of a high density optical
disc, a writing control portion thereof may be applicable to a
physically writable high density optical disc BD-R, and BD-
RE, and may depend on the writable characteristics of the
high density optical disc.

By recording a first physical sector number of a relevant
segment area on the “The first PSN” field o FIG. 11 and a last
physical sector number of a relevant segment area on the “The
last PSN™ field of FIG. 11, a position of the segment area on
the disc can be indicated.
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FI1G. 12 1llustrates a block diagram of an optical recording/
reproducing apparatus i1n accordance with an example
embodiment of the present invention.

Referring to FIG. 12, the optical recording/reproducing,
apparatus may include a recording/reproducing device 10 for
performing recording/reproduction on the optical disc and a
host, or controller 20 for controlling the recording/reproduc-
ing device 10. In an example embodiment, the recording/
reproducing device 10 may act as the “optical disc drive”
discussed above 1in conjunction with many example embodi-
ments of the present mvention.

In an example embodiment, the host 20 gives a writing or
reproduction instruction to write to or reproduce from a par-
ticular area of the optical disc to the recording/reproducing,
device 10, and the recording/reproducing device 10 performs
the recording/reproduction to/from the particular area in
response to the mstruction from the host 20.

The recording/reproducing device 10 may further include
an interface part 12 for performing communication, such as
exchange of data and instructions with the host 20, a pickup
part 11 for writing/reading a data to/from the optical disc
directly, a data processor 13 for recerving a signal from the
pickup part 11 and recovering a desired signal value or modu-
lating a signal to be written 1nto a signal able to be written on
the optical disc, a servo part 14 for controlling the pickup part
11 to read a signal from the optical disc accurately or to write
a signal on the optical disc accurately, a memory 15 for
temporary storage of various kinds of information including
management information and data, and a microcomputer 16
for controlling various parts of the recording/reproducing
device 10.

An example method for recording a PAC on a high density
writable optical disc using the example optical recording/
reproducing apparatus will be described below.

Upon mserting the optical disc mto the optical recording/
reproducing apparatus, management information may be
read from the optical disc and stored in the memory 15 of the
recording/reproducing device 10, for use at the time of
recording/reproduction of the optical disc.

In this state, 1f the user desires to write on a particular area
ol the optical disc, the host 20, taking this as a writing instruc-
tion, provides information on a desired writing position to the
recording/reproducing device 10, together with a data to be
written.

The microcomputer 16 i the recording/reproducing
device 10 may receive the writing instruction, determine 1f the
area ol the optical disc the host 20 desires to write 1s a
defective area or not from the management nformation
stored 1n the memory 15, and/or perform data writing accord-
ing to the writing instruction from the host 20 on an area
which 1s not a defective area.

If 1t 1s determined that writing on an entire disc or on a
particular area of the disc includes new features which a
previous version of the recording/reproducing device 1s not
provided with, leading the previous version of the recording/
reproducing device to fail to sense, or 1if 1t 1s 1mtended to
restrict functions, such as writing or reproducing to/from a
particular area of the disc according to restriction set by the
user, the microcomputer 16 of the recording/reproducing
device 10 may write control information of the area in the
PAC zone on the disc as an “Unknown PAC rule”. The micro-
computer 16 of the recording/reproducing device 10 may also
write PAC information, such as the PAC_ID for a written
state, and segment information which 1s control information
on the particular area of the disc.

In this example, 11 the recorded PAC includes control infor-
mation for entire disc area, the “Entire Disc Flag™ field may be
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recorded, and 1f at least one segment area 1s allocated on an
area of the disc, to control access to the entire area, a number
of the allocated segment areas 1s recorded on the “Number of
Segment” field, and control information, such as accessibility
and/or other relevant information, may be recorded on the
“Data Zone” field of the “Unknown PAC Rule”. If 1t 1s desired
to individually control the segment areas, control and position

information of the segment may be recorded on the “Seg-
ment” field.

A PAC may be recorded on the PAC2 zone of the INFO2

zone at one cluster size and the PAC and a copy PAC of the
PAC may be recorded on the PAC1 zone of the INFO1 zone as
a backup.
The microcomputer 16 may provide position information
of the area the data 1s written thereon, or the PAC zone, and the
data to the servo 14 and the data processor 13, so that the
writing 1s finished at a desired position on the optical disc
through the pickup part 11.

Additionally, a method for recording/reproducing the high
density optical disc having PAC information written by the
above example method will be described below.

Upon mserting an optical disc mto the optical recording/
reproducing apparatus, management information may be
read from the optical disc and stored in the memory 15 of the
recording and reproducing device 10, for use at the time of
recording and reproduction of the optical disc.

The information 1n the memory 10 may include position
information of various zones included 1n the PAC zone on the
disc. Particularly, positions of valid PACs in the PAC zone
may be known from disc definition structure (DDS) informa-
tion. After positions of the valid PACs are known, a PAC_ID
field of the PAC may be examined, for veritying 1 the
PAC ID 1s an i1dentifiable PAC ID.

If the PAC ID 1sidentifiable, the method determines that a
recording and reproducing device having written the data on
the disc has a version 1dentical to a version of the present
recording and reproducing device or there are no separate
writing/reproduction restrictions, and the recording/repro-
duction 1s performed according to the instruction from the

host 20.

If the PAC _ID 1is not identifiable, the method determines
that the recording and reproducing device having written the
data on the disc has a version different from the version of the
present recording and reproducing device, and the recording/
reproduction 1s preformed according to the instruction from
the host with reference to recording/reproduction restriction
areas on the disc including the “Unknown PAC rule” and the
“segment”’.

Accordingly, the microcomputer 16 provides the location
information and data according to the instruction from the
host to the servo 14 and the data-processor 13, so that the
recording/reproduction 1s finished at a desired location on the
optical disc through the pickup part 11.

As described above, the methods and apparatus for record-
ing and reproducing in a high density optical write-once disc
according to example embodiments of the present invention
may have one or more of the following advantages.

First, the definition of an accessible area of a disc of a
different version drive by using PACs may permit more robust
protection of a data area having user data recorded thereon,
for example, to prevent or reduce unauthorized access (for
example, hacking).

Second, effective recording data to and/or reproducing
data from a high density optical disc 1s improved by using a
PAC which manages the entire data area or a part of the data
area of the disc.
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It will be apparent to those skilled in the art that various
modifications and variations can be made to the example
embodiments of the present invention described above with-
out departing from the spirit or scope of the invention. Thus,
it 1s intended that the present invention covers the modifica-
tions and variations of this mmvention provided they come
within the scope of the appended claims and their equivalents.

What 1s claimed 1s:

1. A recording medium, comprising:

a user data area including a plurality of segment regions for

storing user data; and

a control data area storing at least one access control infor-

mation for controlling an access to the segment regions
and for enlarging compatibility of the recording medium
by controlling the access according to a predetermined
rule 1n the access control information when the access
control information 1s not i1dentified by an apparatus
attempting to record/reproduce data, the access control
information including segment information of the seg-
ment regions,

wherein the segment information includes a segment list

identifying the segment regions to which the corre-
sponding access control information applies, and
wherein a number of the segment regions 1dentified by
the segment list 1s limited to a predetermined value.

2. The recording medium of claim 1, wherein the segment
l1st includes address information of the segment regions.

3. The recording medium of claim 2, wherein the address
information includes start address information and end
address information of the segment regions.

4. The recording medium of claim 3, wherein the address
information of each segment region is represented by 8 byte
and the start address information and end address information
of the segments are represented by 4 byte respectively.

5. The recording medium of claim 1, wherein the segment
regions are numbered from zero to a desired number on the
segment list.

6. The recording medium of claim 1, wherein the predeter-
mined rule controls the access to the recording medium
including the segment regions when a version of the access
control information 1s not identified by the apparatus.

7. The recording medium of claim 6, wherein the predeter-
mined rule includes data zone bit for the segment regions, the
data zone bits indicating actions available for each of the
segment regions.

8. The recording medium of claim 7, wherein the actions
include reading and/or writing of user data.

9. The recording medium of claim 1, wherein the access
control information including,

a header portion comprising the segment information, and

a specific information portion mncluding information spe-

cific to the access control mnformation.

10. A method of recording/reproducing data on/from a
recording medium, comprising:

writing/reading on/from the recording medium at least one

access control information for controlling an access to a
plurality of segment regions in a user data area and for
enlarging compatibility of the recording medium by
controlling the access according to a predetermined rule
in the access control information when the access con-
trol information 1s not identified by an apparatus
attempting to record/reproduce data, the access control
information including a segment list identiiying the seg-
ment regions to which the corresponding access control
information applies, wherein a number of the segment
regions 1identified the segment list 1s limited to a prede-
termined value; and
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controlling an access to the segment regions for recording/
reproducing user data according to the written/read
access control information.

11. The method of claim 10, wherein the segment list
includes address information of the segment regions.

12. The method of claim 11, wherein the address informa-
tion includes start address information and end address infor-
mation of the segment regions.

13. The method of claim 12, wherein the address informa-
tion of each segment region 1s represented by 8 byte and the
start address information and end address information of the
segments are represented by 4 byte respectively.

14. The method of claim 10, wherein the segment regions
are numbered from zero to a desired number on the segment
list.

15. The method of claim 10, further comprising identifying
the segment regions according to address information of the
segment regions mcluded in the access control information.

16. The method of claim 10, wherein the segment regions
are accessed by the apparatus according to the predetermined
rule included 1n the access control information 1f the appara-
tus cannot recognize a version of the access control informa-
tion.

17. The method of claim 10, wherein the predetermined
rule includes data zone bit for the segment regions, the data
zone bits indicating actions available for each of the segment
regions.

18. An apparatus for recording/reproducing data on/from a
recording medium, comprising:

a pickup configured to record/reproduce data on/from the

recording medium; and

a controller configured to control the pickup to write/read

on/from the recording medium at least one access con-
trol information for controlling access to a plurality of
segment regions 1n a user data area and for enlarging
compatibility of the recording medium by controlling
the access according to a predetermined rule in the
access control information when the access control
information 1s not identified by an apparatus attempting
to record/reproduce data, access control information
including a segment list identifying the segment regions
to which the corresponding access control information
applies, and the controller configured to control the
pickup to access to the segment regions based on the
written/read access control information to record/repro-
duce user data, wherein a number of the segment regions
identified by the segment list 1s limited to a predeter-
mined value.

19. The apparatus of claim 18, wherein the segment list
includes address information of the segment regions.

20. The apparatus of claim 19, wherein the address infor-
mation includes start address information and end address
information of the segment regions.

21. The apparatus of claim 20, wherein the address infor-
mation of each segment region 1s represented by 8 byte and
the start address information and end address information of
the segments 1s represented by 4 byte respectively.

22.'The apparatus of claim 18, wherein the segment regions
are numbered from zero to a desired number on the segment
list.

23. The apparatus of claim 18, wherein the controller 1s
configured to identify the segment regions according to
address imnformation of the segment regions included 1n the
access information region.

24. The apparatus of claim 18, wherein the controller con-
trols the pickup to access to the segment regions according to
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the predetermined rule 1n the access control information, 1
the controller cannot recognize a version of the access control
information.

25. The apparatus of claim 24, wherein the controller com-
pares the access control information with information stored
therein to determine whether the controller recognizes the
version of the access control information or not.

26. The apparatus of claim 24, wherein the predetermined
rule includes data zone bit for the segment regions, the data
zone bits indicating actions available for each of the segment
regions.

277. The apparatus of claim 26, wherein the actions include
at least one of recording and reproducing the data on and from
the recording medium.

28. The apparatus of claim 18, further comprising:

a host device configured to generate a command for access
to the recording medium.

29. The recording medium of claim 1, further comprising;:

a backup area storing a copy of the access control informa-
tion,

wherein the control data area and the backup area are
located 1n an 1ner area of the recording medium.

30. The recording medium of claim 1, wherein starting and
last locations of the segment regions are designated at bound-
aries of clusters.
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31. The recording medium of claim 1, wherein the maxi-
mum number of the segment regions included 1n the user data
area 1s 32.

32. The method of claim 10, further comprising:

recording a copy of the access control information 1n a

backup area of the recording medium,

wherein the control data area and the backup area are

located 1n an 1nner area of the recording medium.

33. The method of claim 10, wherein starting and last
locations of the segments are designated at boundaries of
clusters.

34. The method of claim 10, wherein the maximum number
of the segment regions included in the user data area 1s 32.

35. The apparatus of claim 10, wherein the controller 1s
turther configured to control the pickup to record a copy of the
access control information in a backup area of the recording
medium,

wherein the control data area and the backup area are

located 1n an 1ner area of the recording medium.

36. The apparatus of claim 18, wherein starting and last
locations of the segments are designated at boundaries of
clusters.

37. The apparatus of claim 18, wherein the maximum

number of the segment regions included 1n the user data area
1s 32.
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